In this study, the CALPUFF/MM5 modeling system was applied to estimate the air quality impacts 
INTRODUCTION
Air pollution in Chongqing has obviously been reduced since 2000, but it still has a long way to go and big challenges in air quality improvement (Guttikunda et al., 2003) . Although several studies have estimated the air quality impacts for elevated point sources (e.g., power plants) emissions in China (Zhou et al., 2003 (Zhou et al., , 2006 Hao et al., 2007) , they could well differ in Chongqing settings, because of differences in stack characteristics, topography and meteorology.
There are several relevant pieces of research into this area (Lei et al., 1987; Gao et al., 2000) . In the study of (Gao et al., 2000) , a Eulerian sulfur deposition model was used to study the distributions of sulfur pollutants in East Asia, and it was revealed that a big SO 2 value area lies in Sichuan basin with the biggest level of 47.3 μg/m 3 near Chongqing.
But the spatial resolution of this model was low and the SO 2 emission inventory applied wasn't full, especially for Chongqing. In addition, this study couldn't take into account single contribution from elevated point sources to local SO 2 levels in Chongqing. One study (Lei et al., 1987) modeled SO 2 air pollution from all anthropogenic sources, but only the urban area, 12% of whole Chongqing area, was covered. On the other hand, this study applied its model with meteorological data from one station, which couldn't capture the relatively real meteorological variations over short distances. Currently available air quality estimates from Chongqing used simplified models (e.g., Gaussian plume model), which may not capture the full impact of a pollution source. With the increment of older fossil-fuel elevated point sources, the impact of this large emission sector on Chongqing's air quality needs further assessment.
In this study we focus on the air quality impact of Chongqing local elevated point sources to the Chongqing area. Emissions of SO 2 in 2004 were estimated using monitored emission factors.
The CALPUFF/MM5 modeling system was applied to model the concentration increments of SO 2 . The aim of this study has been to evaluate current status of the air pollution from elevated point sources in Chongqing, and gain information on the necessity for further control.
METHODS

Modeling structure
The CALPUFF/MM5 modeling system, which is commonly used in air quality impact studies dealing with routine industrial releases, was deployed to simulate the meteorology as well as pollutant dispersion and transport in Chongqing.
There are several reasons for choosing this model. Firstly, it has the ability to generate and handle complex three-dimensional wind fields and has the complex terrain algorithm (Scire et al., 1999a) , which is necessary when the modeling domain is expanded to whole Chongqing area. Secondly, it can treat calm wind conditions (< 1.0 m/s), the frequency of which in Chongqing is about 47% (Tao et al., 2006) . This allows the modeling of both primary and secondary pollutants and is not too complex to apply to evaluate a single sector, as CAMx or CMAQ, is also attractive.
CALMET is a diagnostic wind field model that produces hourly ranges of meteorological parameters, including wind, temperature, mixing height and dispersion properties on a three-dimensional gridded modeling domain by interpolating routine surface and upper-air meteorological data.
The data interpolation accounts for the blocking effects of terrain and slope flows. It also ensures the preservation of air-mass continuity (Scire et al., 1999a) . Since diagnostic models interpolate observational data, they are critically dependent on the quality and density of the observations. The CALMET model can ingest prognostic model outputs, such as the Fifth-Generation NCAR/Penn State Mesoscale Model (MM5), and has displayed improved predictions of certain variables (Chandrasekar et al., 2003) .
Hence, to develop meteorological data for CALMET, the MM5 version 3.7 was used.
The CALPUFF model is an advanced Lagrangian-Gaussian non-steady state air- conditions (Scire et al., 2000) . It simulates continuous puffs of pollutants released from a source into the ambient wind flow. As the wind flow changes from hour to hour and from place to place, the path of the puff changes according to the new wind flow direction. Puff diffusion is Gaussian, and concentrations are based on the contribution of each puff as it passes over or near a receptor point (Scire et al., 1999b) . (Zhou et al., 2003; Hao et al., 2007) .
Domain coverage
Length of simulation
The year 2004 was chosen for the analyses. We calculated SO 2 concentration for one period in each of the four seasons, which were 1-31 January, 1-30 April, 1-31
July, and 1-31 October, respectively.
RESULTS AND DISCUSSION
Model validation
The modeling system was evaluated comprehensively to ensure reasonable estimates of ambient SO 2 . We present a time series of the SO 2 concentrations at the monitor denoted by the star as shown in Fig for the monitor against the modeled estimates for the grid cell in which that monitor is located. At first glance, the SO 2 prediction seemed to be in relatively good agreement with the observed data. Fig. 5b shows the scatter plots of the modeled concentrations versus the observed values.
The straight line in Fig. 5a is computed by linear regression of the modeled concentrations according to the relation:
where C cal and C obs are the modeled and observed concentrations, respectively, in mg/m 3 . Fig. 5c (Levy et al., 2002) . For deposition, we would expect substantial uncertainty in the plume depletion terms that produce wet and dry deposition losses. Past researchers have found that uncertainties of at least an order of magnitude exist for dry deposition of small particles (Levy et al., 2002) Nevertheless, this is the first time the elevated point source induced plumes were simulated using CALPUFF in Chongqing.
The study points to some critical auxiliary information needed for satisfactory modeling of sulfur dioxide concentration, which needed to be estimated in the present study due to lack of availability. Future studies can be directed to fill in such knowledge gaps.
CONCLUSIONS
The CALPUFF dispersion model was applied to estimate the air quality impacts 
CALMET:
One of the main components of the CALPUFF modeling system, a diagnostic 3-dimensional meteorological model.
MM5:
Fifth-generation PSU/NCAR mesoscale model. NAAQS: National Atmospheric Ambient Quality Standard.
